Bright white-light emitting manganese and copper co-doped ZnSe quantum dots by Panda, S.K. et al.
Supporting Information
 Wiley-VCH 2011
69451 Weinheim, Germany
Bright White-Light Emitting Manganese and Copper Co-Doped ZnSe
Quantum Dots**
Subhendu K. Panda, Stephen G. Hickey,* Hilmi Volkan Demir, and Alexander Eychmller
anie_201100464_sm_miscellaneous_information.pdf
Supporting Information 
Experimental: 
Materials: Zinc stearate (ZnSt2, purum), zinc acetate, tetramethylammonium hydroxide pentahydrate 
(TMAH), manganese chloride (MnCl2), Copper (II) acetate, octadecylamine (ODA, 95%), 1-Octadecene 
(ODE), and tributyl phosphine (TBP, 95%) were purchased from Aldrich. Stearic acid (SA, 95%) from 
Merck, Germany. Selenium powder (~200 mesh, 99.999%) from Chempure, Germany. All chemicals 
were used without further purification. 
Preparation of Stock Solutions: A TBPSe solution was prepared inside a glove-box by the addition of 
1.9 g of Se to 8 g of TBP. The Zn precursor stock solution was prepared in a three necked flask. 1.26 g of 
ZnSt2, 0.28 g of SA and 10 mL of ODE were placed together and degassed under vacuum at 100 °C for 
30 min. Then under an Ar atmosphere the temperature was raised to ~ 160 °C to obtain a clear solution. 
The Cu stock solution was prepared by dissolving 0.05 g of Cu(OAc)2 in 5 mL of TBP. 
The precursor, manganese stearate (MnSt2), was prepared according to a method reported in the 
literature.i In a typical synthesis, SA (20 mmol) was dissolved in 30 g of methanol and heated to 50-60 °C 
until completely dissolved, and was then allowed to cool to room temperature. In another container 20 
mmol of TMAH was added to 10 g of methanol and then mixed with the SA solution. The mixture was 
stirred for 15 min to ensure the reaction had gone to completion. To this solution, 10 mmol of MnCl2 
dissolved in 10 g of methanol was added drop-wise over a period of 30 minutes with vigorous stirring, 
and a white precipitate of MnSt2 slowly flocculated. The precipitates were repeatedly washed with warm 
methanol to ensure complete removal of all free stearic acid and were then dried under vacuum.  
Typical Synthesis of doped QDs: 0.03 g of MnSt2 and 20 mL of ODE were loaded into a 100 mL three 
neck flask and degassed under vacuum at 100 °C for 20 min after which the temperature was raised to 
290 °C. In a separate vial, 0.5 g ODA and 1.2 mL of TBPSe stock solution were mixed and heated to 
~70 °C, and injected into the above reaction flask at 290 °C. After the injection, the color of the solution 
rapidly turned a faint yellow, which indicated the formation of MnSe nanoclusters. The reaction was 
cooled to 280 °C and annealed for 45 min. The reaction temperature was again increased to 290 °C for 
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overcoating with ZnSe. At this temperature 1 ml of the Zn stock solution was swiftly injected into the 
reaction flask. Immediately after the injection, the reaction mixture was observed to emit yellow under 
UV light. Then after 2 min another 0.5 mL of the Zn stock solution was injected into the solution. The 
reaction was maintained at 260 °C for 10 min and then cooled down to 180 °C. At this temperature 100-
200 µL of the Cu stock solution was injected to the solution. The temperature of the system was then 
gradually increased to 230 °C at a rate of 5 °C per min. The reaction was closely monitored using a UV 
lamp and aliquots were taken at different time intervals. Typically, after 2-5 minutes of reaction at 230 °C, 
when a light blue-green emission was observed the system was cooled down to 180 °C.  At this 
temperature multilayers of ZnSe were then epitaxially developed by injection of a calculated amount of 
Zn-acetate and Se stock solution following the standard SILAR technique. For this 0.05 M Zn(OAc)2 
solution in TBP was prepared inside the glove-box and injected dropwise to the above reaction mixture at 
180 °C and annealed for 30 min. After that the reaction mixture was cooled down to room temperature 
and the nanocrystals were purified by adding acetone as non-solvent and finally dispersed in toluene for 
further analyses. 
Characterizations: UV-vis absorption spectra from doped QD colloidal solutions were recorded on a 
Cary 50 spectrophotometer (Varian). Photoluminescence (PL) measurements were performed at room 
temperature using a Horiba Jobin Yvon FluoroMax-2 spectrofluorometer (Instruments SA). The QY of 
the samples were measured with respect to the dye quinine sulfate (Fluka, Cat. No. 22640) using the 
standard procedures. TEM images were taken with an EM 208 microscope (Philips) equipped with an 
Olympus Keen view digital camera. Samples for the TEM investigations were prepared by dropping 
diluted dispersions of the doped QDs onto 400-mesh carbon-coated copper grids and the excess solvent 
evaporated in air. X-ray diffraction (XRD) measurements were performed in reflection mode on a 
Siemens D5000 X-ray diffractometer operated at 40 kV and 30 mA with Cu Kα radiation. Samples for 
XRD were made by placing the finely dispersed powders of NCs on a standard Si wafer. Luminescence 
lifetime decays were measured by time-correlated single photon counting (TCSPC). A pulsed laser-diode 
(395 nm) was employed as the excitation source and a pulse repetition rate of 500 kHz was employed for 
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the lifetime measurements, with the exception of the 585 peak where the instrument was operated in 
phosphorescence mode due to the microsecond lifetimes. The emission was monitored at the wavelength 
of the PL peak maximum for each sample during the PL decay measurements. The instrument response 
function u(t) was measured using a Ludox scattering solution in water and the decay curves were fitted to 
a biexponential function using the proprietary software DataStation 2.3. Mean fluorescence lifetimes <τ> 
for biexponential iterative fitting were calculated from the decay time and the pre-exponential factors 
using the relation: 
<τ> = (A1 τ 1 + A2 τ 2). 
2 min
  
Figure S1: PL spectra of the Mn-ZnSe doped QDs taken at different time intervals during the synthesis 
showing relative intensity of the peaks with respect to the annealing time.  
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Figure S2: High-resolution TEM image of the Cu:Mn-ZnSe doped QDs. 
 
Table 1: Lifetimes associated with various decay processes in Mn-ZnSe doped QDs. 
Peak position (nm) A1 τ1 (ns) A2 τ2 (ns) 
410 81.16 1.082306 18.84 9.0184 
470 31.15 2.852421 68.85 25.462 
 
 
Table 2: Lifetimes associated with various decay processes in Cu:Mn-ZnSe doped QDs. 
Peak position (nm) A1 τ1 (ns) A2 τ2 (ns) 
415 70.92 0.612555 29.08 8.0932 
470 28.19 5.265036 71.81 59.794 
495 14.01 7.461601 85.99 105.355 
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Table 3: Values of CIE coordinates, CRI and CCT for Cu:Mn-ZnSe doped QD samples with different 
amounts of Cu precursor.    
Cu Precursor 
added (µl) 
X Y Color rendering 
Index (CRI) 
Correlated Color 
temperature (K) 
100 0.38 0.38 62.86 4731 
140 0.35 0.35 70.36 6063 
200 0.29 0.33 71.04 6780 
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Figure S3: PL spectrum of a solution mixture of separately prepared Mn-ZnSe and Cu-ZnSe doped QDs. 
The solution mixture is annealed at 240 °C for several minutes, which showed no drastic change in the PL 
emission related to the Mn ions at 585 nm. 
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 Figure S4: PL spectra of uncoated Cu:Mn-ZnSe doped QDs showing relative intensity of the peaks 
originated from different dopants with respect to annealing time. 
 
 
 
 
 
 
 
 
 
 
Figure S5: The PL spectra of a thin film made from the doped QDs, along with the photograph of the thin 
film under 365 nm excitation given in the inset. 
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 Figure S6: The PL spectra of the doped QDs under UV irradiation after 3h of exposure.  
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